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Description 

[0001 ] The present invention relates to a biosensor for 
rapid and high accuracy quantification of a specific com- 
ponent contained in a sample and a method of manu- 
facturing the same. 

[0002] Conventionally, there is a disclosure of a bio- 
sensor as mentioned below as the system for facilitating 
simplified quantification of a specific component con- 
tained In a sample without necessitating dilution or agi- 
tation of the sample solution (Japanese Laid-Open Pat- 
ent Publication Hei 3-202764). 
[0003] More specifically, the biosensor is manufac- 
tured by forming an electrode system comprising a 
working electrode and a counter electrode on an elec- 
trically insulating base plate by screen printing and the 
like, and subsequently fonning thereon an enzyme re- 
action layer comprising a hydrophllic polymer, an oxl- 
doreductase, and an electron acceptor. 
[0004] If a sample solution containing a substrate is 
dropped on the enzyme reaction layer of the biosensor 
thus produced, the enzyme reaction layer is dissolved, 
causing reaction between the substrate and the en- 
zyme. As a result, the substrate is oxidized and, at the 
same time, the electron acceptor is reduced. Upon com- 
pletion of the substrate-enzyme reactton, the reduced 
electron acceptor is electrochemically oxidized. The 
concentration of the substrate in the sample solution is 
then determined from the current value across the elec- 
trodes during this oxidation reaction. 
[0005] The biosensor having the above-menttoned 
structure, however, has a drawback that even if ^e con- 
centration of the substrate in the sample solution is 
equal, there arises a difference In the measured oxida- 
tion current value depending on other components con- 
tained in the sample solution. 
[0006] One possible cause is interaction between sol- 
Id substances exceeding 1 ^im in size, such as hemo- 
cyte contained In the sample solution, and the electron 
acceptor reduced upon enzyme-substrate reaction. 
Close contact of the solid substances with the reduced 
electron acceptor will cause oxidation of the electron ac- 
ceptor by the interaction therek)etween, whfeh leads to 
inaccurate measurement of the oxidation current value. 
[0007] One effective measure for correcting this issue 
is to dilute the sample solution with a certain dilute so- 
lutton in order to minimize the difference in the nature of 
the components contained In the sample solution. This 
method, however, is not necessarily advisable from the 
aspect of operabllity or controllability. 
[0008] The object of the present invention is to provide 
a biosensor which can reduce or overcome the above 
mentioned problems. 

[0009] The present invention provides a biosensor 
comprising an electrically Insulating base plate, an elec- 
trode system having a working electrode and a counter 
electrode formed on the base plate, a reaction layer con- 
taining at least an enzyme disposed on the electrode 



system, and an anfonic filter formed over the reaction 
layer for the purpose of Inhibiting permeation of solid 
components and inhibiting dispersion of the electron ac- 
ceptor. 

5 [0010] In a pretended mode of the present Invention, 
the anionic filter Is composed of a porous film made of 
a film-forming polymer or a fiber sheet made by a paper 
machine, and an anionk; polymer supported on the po- 
rous film or fiber sheet. 

10 [0011] In another preferred mode of the present in- 
vention, the anionic filter is a porous film made of a mix- 
ture of a film-forming polymer and an anionic polymer. 
[0012] According to the present Invention, it Is possi- 
ble to provide a biosensor which facilitates high accura- 

15 cy quantification of a substrate in a sample solution with 
no adverse effects of solid components coexisting with 
the substrate. 

[0013] Non-limlting embodiments of the present in- 
vention will now be described with reference to the ac- 
20 companying drawings, in which:- 

FIG. 1 shows an exploded perspective view of a bi- 
osensor in one example of the present Invention, 
with omission of a reaction layer ; and 
25 FIG. 2 shows a longitudinal cross-sectk^nal view il- 
lustrating the parts of the biosensor. 

[0014] The anionic filter in accordance with the 

present invention may be composed of a combination 
30 of a filter for restricting movements of solkl components 

in asamplesolutk)n and an anionic polymerfor inhibiting 

dispersion of the electron acceptor contained in the re> 

action layer into the sample solution. 

[001 5] As the movement restricting filter, a porous film 
35 formed from a film-forming polymer or a glass fiber sheet 

made by a paper machine, a cellubse fit>er or a resin 

fiber is preferable. 

[001 6] The preferable method for imparting an anionic 
property to the filter Is to support an anionic polymer on 
^ the porous film or fiber sheet. It is also preferred to forni 
the porous film from a mixture of a film-forming polymer 
and an anionic polymer. 

[001 7] As the measure for imparting the filter with the 
anionic property to obtain an anionic filter, it is preferable 
45 to contain the antonte polymer by not less than 5 v/t% of 
the filter. 

[001 8] If the polymer used has the antonic as well as 
film-fomriing properties at the same time, then an anionto 
filter can be fomied by using only this polymer. 

so [0019] The anionic filter in accordance with the 
present invention has two different functions as folk>ws. 
[0020] Rrst, the smaller pore size of the antonic filter 
than the solid components In the sample solution pre- 
vents Infiltration of solid components Into the reactk)n 

55 layer. 

[0021] Second, electrostatic repulsion of the anbnic 
polymer contained in the anionto filter for the electron 
acceptor (whk:h Is an anionic compound) contained In 
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the reaction layer inhibits dispersion of the electron ac- 
ceptor in the sample solution beyond the filter. 
[0022] The anionic filter separates the electron accep- 
tor in the reaction layer from the solid components in the 
sample solution by the above-noted two functions. As a 
result, oxidation of the electron acceptor which has been 
reduced upon enzyme-substrate reaction by the solid 
components In the sample solution can be prevented, 
and the adverse effect of the solid components on the 
sensor response can be minimized. 
[0023] In order to express the first function, the ani- 
onic filter preferably has a pore size of not more than 1 
nm to avoid permeation of solid components, such as 
hemocyte, for example, which are contained in the sam- 
ple solution and will cause adverse effects on the sensor 
response. 

[0024] As the film-forming polymer for constituting the 
anionic filter, at least one selected from the group con- 
sisting of ethyl cellulose, methyl cellulose, hydroxypro- 
pyl cellulose, cellulose acetate, nitrocellulose, polyvinyl 
pyrroiidone, polysulfon, polyvinylidene fluoride, polya- 
mide and polyimide is preferably used. 
[0025] As the anionic polymer which is another con- 
stituent for the anionic filter, at least one selected from 
the group consisting of polymers having at the side 
chain thereof a sulfonyl group, a sulfonic acid group or 
a carboxyl group is preferably used. The polymers may 
be exemplified as perfluorosulfonate ionomer, perfluor- 
ocarboxylate ionomer, polyacrylic acid, polymethacrylic 
acid, polyvinyl sulfate, polystyrene sulfonate, poly- 
glutamlc acid, polyaspartic acid, and carboxymethylcel- 
lulose. 

[0026] The method of manufacturing a biosensor in 
accordance with the present invention comprises the 
steps dropping a solution containing a hydrophllic poly- 
mer over an electrode system disposed on an electri- 
cally insulating base plate and drying the solution to form 
a hydrophllic polymer layer on the electrode system, 
dropping a solution containing at least one enzyme on 
the hydrophilic polymer layer and drying the solution to 
fomn a reaction layer on the hydrophilic polymer layer, 
and forming an anionic filter for covering the reaction 
layer. 

[0027] If the solution containing the enzyme is not ag- 
itated after dropping it on the hydrophilic polymer layer 
in the step of forming the reaction layer, the hydrophilic 
polymer layer would not be mixed with the enzyme layer, 
so that the surface of the electrode system can be cov- 
ered with only the hydrophilic polymer layer. This pre- 
vents easy development of adverse changes in the per- 
formance of the electrode system due to adsorption of 
proteins onto the surface of the electrode system or 
chemical reaction caused by an oxidizing substance, 
such as electron acceptor which is sometimes con- 
tained in the reaction layer. Furthermore, since this 
structure increases dissolution of the reaction layer, a 
sensor response with high accuracy can be obtained. 
[0028] The aforementioned anionic filter is formed by 
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the four methods as exemplified below. 

1 . To form the anionic filter by the steps of disposing 
a medium dissolved or dispersed therein with a film- 
forming polymer on the reaction layer and dryingthe 
solution to form a filter, impregnating the filter 
formed from the film-forming polymer with a medi- 
um dissolved or dispersed therein with an anionic 
polymer to allow sufficient infiltration of the medium 
into the filter, and then drying the filter to obtain an 
anionic filter imparted with the anionic property. 

At that time, it is preferable to select a medium 
which would not dissolve the filter formed from the 
film-fomiing polymer as the medium used for dis- 
solving or dispersing the anionic polymer. 

2. To fonn the anionic filter by the step of disposing 
a medium dissolved or dispersed therein with a film- 
forming polymer and an anionic polymer on the re- 
action layer and drying the medium. 

3. To fonm the anionic filter by the steps of cutting a 
fiber sheet to a size which is large enough to cover 
the entire surface of the reaction layer and adhering 
it with pressure onto the reaction layer, impregnat- 
ing the filter with a medium dissolved or dispersed 
therein with an anionic polymer to allow sufficient 
infiltration of the medium into the filter, and then dry- 
ing the filter to obtain an anionic filter imparted with 
the anionic property. 

4. To fomi the anionic filter by the steps of forming 
an anionic filter previously, then cutting the anionic 
filter to a size which is large enough to cover the 
entire surface of the reaction layer, and adhering it 
with pressure onto the reaction layer. As the anionic 
filter used here, one formed in advance on a base 
or the like different from the electrically insulating 
base plate by either method from 1 to 3 may be 
used. This method is useful if the medium in which 
at least one of the film-forming polymer and the an- 
ionic polymer is dissolved or dispersed is such a 
medium that could dissolve the reaction layer. 



[0029] The step of disposing various mediums on the 
reaction layer, or impregnating the filter with those me- 
diums is preferably performed by dropping, or immer- 
45 sion. 

[0030] As the solvent for dissolving the anionic poly- 
mer, one selected from the group consisting of water, 
methanol, ethanol. propanol, butanol, acetone, toluene, 
xylene and ethyl ether, or a mixture of two or more of 
50 them is used preferably. The preferable choice is a sol- 
vent which would not dissolve the filter or the reaction 
layer formed. 

[0031] As the enzyme contained In the reaction layer, 
either of glucose oxidase, glucose dehydrogenase, lac- 
ss tate oxidase, lactate dehydrogenase, fructose dehydro- 
genase, galactose oxidase, cholesterol oxidase, cho- 
lesterol dehydrogenase, cholesterol esterase, alcohol 
dehydrogenase, alcohol oxidase, ascorbate oxidase, bi- 



3 



EP 0 856 586 B1 



lirubin oxidase, or the like may be selected, depending 
on the measuring substrate of target. 
[0032] Accordingly, the biosensor in accordance with 
the present invention is of wide applicability as a biosen- 
sor, such as glucose sensor, alcohol sensor, sucrose s 
sensor, cholesterol sensor, lactose sensor, fructose 
sensor, and the like, which use an enzyme-associated 
reaction system. 

[0033] As the electron acceptor, at least one selected 
from potassium ferricyanide, p-benzoquinone, phena- io 
zine methosulfate, indophenol and derivatives thereof, 
P-naphthoquinone-4-potassium sulfonate, methylene 
blue, and ferrocene and derivatives thereof is used. 
[0034] As the hydrophilic polymer, at least one select- 
ed from carboxymethylcellulose, hydroxyethyl cellu- is 
lose, hydroxypropyl cellulose, carboxyethylmethyl cel- 
lulose, polyvinyl pyrrolidone, polyvinyl alcohol, gelatin 
and derivatives thereof, polyacrylic acid, polyacrylates, 
polymethacrylic acid, polymethacrylates, starch and de- 
rivatives thereof, and polymers containing malete anhy- 20 
dride or its salts js used. 

[0035] As the solvent for dissolving the enzyme, the 
electron acceptor and the hydrophilic polymer, water or 
various buffer solutions including phosphate buffer so- 
lution, citrate buffer solution, acetate buffer solution, tris- 2S 
hydrochloride buffer solution and the tike may be used. 
[0036] There are two methods for reacting the en- 
zyme with the substrate: 1) by dissolving the reaction 
layer containing an enzyme in a sample solution con- 
taining a substrate to cause reaction between the en- 30 
zyme and the substrate, and 2) by solidifying the reac- 
tion layer to prevent It from floating on the sample solu- 
tion, thereby causing reaction between the enzyme and 
the substrate just upon the surface of the reaction layer. 
[0037] TTie anionic filter in accordance with the 35 
present invention is also effective for such a biosensor 
that utilizes oxygen present in the sample solution as 
the electron acceptor due to the type of electrodes In- 
cluded. 

[0038] The method of measurement of oxidation cur- 40 
rent includes two-electrode system comprising a meas- 
uring electrode and a counter electrode and three-elec- 
trode system further comprising a reference electrode; 
the latter pemnits more accurate measurement. 
[0039] In the following, the present invention will be 45 
described more specifically by way of concrete exam- 
ples. FIG. 1 Is a broken oblique perspective view of a 
biosensor with omission of a reaction layer. A biosensor 
is assembled by joining an electrically insulating base 
plate 1 disposed with an electrode system , cover 1 2 pro- so 
vided with an air vent 1 4 and a spacer 1 1 in a posittonal 
relationship as shown by the dotted line in FIG. 1 . 
[0040] In the biosensor thus obtained, since a cavity 
for constituting a sample solution supply pathway is 
formed in a slit 15 of the spacer 11 between the base ss 
plate 1 and the cover 12, a sample solution can be in- 
troduced into the reaction layer readily tiirough the sam- 
ple solution supply pathway by simply contacting the 
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sample solution with a tip 13 of the slit 1 5 serving as an 
opening. With this structure, the supply amount of the 
sample solution depends on the volume of the cavity 
formed by tiie cover 12 and the spacer 11 , so tiiat pre- 
quantifteation of tiie sample solution is unnecessary. In 
addition, this structure minimizes evaporation of the 
sample solution during measurement, facilitating high 
accuracy measurement. The use of a transparent poly- 
mer material for the cover and the spacer permits easy 
observation of the conditions of the reaction layer and 
introduction of the sample solution from the outside. 
[0041] FIG. 2 shows a longitudinal cross-sectional 
view of the biosensor In accordance with tiie present in- 
vention. 

[0042] First, the electrically Insulting base plate 1 is 
provided with leads 2 and 3 by screen-printing a silver 
paste thereon. The base plate 1 is further disposed ther- 
eon with an electrode system comprising a working 
electrode 4 and a counter electrode 5 each made of a 
conductive carbon paste containing a resin binder, and 
an electrically insulating layer 6 made of an electrically 
insulating paste. The layer 6 has two functions to hold 
the areas where the working electrode 4 and the counter 
electrode 5 are exposed constant, and to cover part of 
the leads. Then, a hydrophilic polymer layer 7 is formed 
on the electrode system. Subsequently, an enzyme lay- 
er 8 is formed on the hydrophilic polymer layer 7. The 
two layers tiius formed are then covered with an anionic 
filter 9 or a filter 9a. The enzyme layer 8 further contains 
an electron acceptor depending on tiie material used for 
the electrode system. 

Example 1 

[0043] First, a 0.5 wt% aqueous solution of sodium 
salt of carboxymethylcellulose (hereinafter abbreviated 
to "CMC") was dropped over the electrode system dis- 
posed on the electrically insulating base plate 1 as 
shown in FIG. 2 and dried at 50 for 10 minutes in a 
hot drier to form the hydrophilic polymer layer 7 (CMC 
layer). Subsequently, a mixture aqueous solution con- 
taining glucose oxidase (EC1 .1 .3.4; hereinafter abbre- 
viated to "GOD") at 10 mg/ml and potassium ferricya- 
nide at 16 mg/ml was prepared. The mixture aqueous 
solution thus prepared was dropped over the CMC layer 
7 and dried at 50 °C for anottier 10 minutes in a hot drier 
to form the enzyme layer 8. 

[0044] Then, a mixture ethanol solution A was formu- 
lated by mixing a 2 wt% ethanol solution of ethyl cellu- 
lose and a 0.5 wt% ethanol solution of hydroxypropyl 
cellulose. An aliquot of 5 ^1 of the mixture ethanol solu- 
tion A was dropped on the enzyme layer 8 and dried for 
1 0 minutes at room temperature to fomn a filter compris- 
ing a film-forming polymer. Then, for imparting the filter 
thus formed with an anionic property, an aliquot of 5 ^1 
of a 1 wt% butanol solution of perfluorosulfonate iono- 
mer was dropped on the filter and dried at 50 ''C for 1 0 
minutes. This gave the anionic filter 9. 



4 



7 



EP 0 856 586 B1 



8 



[0045] Finally, the cover 12 and the spacer 11 were 
adhered to the base plate 1 in the positional relationship 
as shown by the dotted line in FIG. 1 . In this way, a glu- 
cose sensor of this example was produced. 
[0046] Separately, a blood sample solution and a glu- s 
cose aqueous solution for this glucose sensor were pre- 
pared by adjusting the concentration of glucose in each 
solution equal. An aliquot of 3 ^1 of each sample solution 
was supplied from the opening 1 3 of the sample solution 
supply pathway. io 
[0047] After introduction through the opening 13, the 
sample solution reaches the air vent 14 and infiltrates 
the anionic filter 9. The solution which has passed 
through the anionic filter causes dissolution of the reac- 
tion layer. In the reaction layer, the glucose contained in is 
the sample solution is oxidized by the glucose oxidase 
present in the reaction layer, which causes electron 
movement, and the electron moved reduces potassium 
ferricyanide to potassium ferrocyanide. 
[0048] One minute after introduction of the sample so- 20 
lutlon, a voltage of +0.5 V on the basis of the voltage of 
the counter electrode 5 was applied to the working elec- 
trode 4 and the anodic current value was measured after 
5 seconds. The measurement results showed that the 
current value In response to the blood sample solution 2S 
was about 98% of that in response to the glucose aque- 
ous solution. 

Example 2 

30 

[0049] In this example, the hydrophilic polymer layer 
7 and the enzyme layer 8 were formed over the elec- 
trode system disposed on the electrically insulating 
base plate 1 as shown in FIG. 2 in the same manner as 
in Example 1 . 35 
[0050] Then, an aliquot of 5 \l\ of the mixture ethanol 
solution A, which was prepared in Example 1, was 
dropped on the enzyme layer 8 and dried for 1 0 minutes 
at room temperature to form a filter comprising a film- 
fomning polymer. Subsequently, for imparting the anion- 40 
ic property to this filter, an aliquot of 5 ^1 of a 1 wt% aque- 
ous solution of polyacrylic acid was dropped on the filter 
and dried at 50 °C for 10 minutes. This gave the anionic 
filter 9. 

[0051 ] Finally, a glucose sensor of this example was 45 
produced in the same manner as In Example 1 , and the 
sensor responses to the glucose aqueous solution and 
the blood sample solution were measured. The meas- 
urement results showed that the current value in re- 
sponse to the blood sample solution was about 95% of so 
that in response to the glucose aqueous solution. 

Example 3 

[0052] In this example, the hydrophilic polymer layer ss 
7 and the enzyme layer 8 were formed over the elec- 
trode system disposed on the electrically insulating 
base plate 1 as shown In FIG. 2 In the same manner as 



in Example 1. 

[0053] Then, a mixture ethanol solution B was fomriu- 
lated by mixing a 2 wt% ethanol solution of ethyl cellu- 
lose arid a 0.2 wt% ethanol solution of perfluorocarbox- 
ylate ionomer. An aliquot of 5 fil of the mixture ethanol 
solution B was dropped on the enzyme layer 8 and dried 
for 10 minutes at room temperature to form the anionic 
filter 9. 

[0054] Finally, a glucose sensor of this example was 
produced In the same manner as in Example 1 . and the 
sensor responses to the glucose aqueous solution and 
the blood sample solution were measured. The meas- 
urement results showed that the current value In re- 
sponse to the blood sample solution was about 97% of 
that in response to the glucose aqueous solution. 

Example 4 

[0055] In this example, the hydrophilic polymer layer 
7 and the enzyme layer 8 were formed over the elec- 
trode system disposed on the electrically insulating 
base plate 1 as shown in FIG. 2 in the same manner as 
in Example 1 . 

[0056] Then, a glass fiber sheet was cut to a size 
which Is large enough to cover the entire surface of the 
reaction layer and adhered with pressure to the reaction 
layer to form a filter. Subsequently, an aliquot of 10 [il of 
a 0.5 wt% ethanol solution of perfluorosulfonate iono- 
mer was dropped on the filter and dried for 1 0 minutes 
at room temperature. In this way, the filter was Imparted 
with the anionic property and the anionic filter 9 was ob- 
tained. 

[0057] Finally, a glucose sensor of this example was 
produced in the same manner as in Example 1 , and the 
sensor responses to the glucose aqueous solution and 
the blood sample solution were measured. The meas- 
urement results showed that the current value in re- 
sponse to the blood sample solution was about 98% of 
that in response to the glucose aqueous solution. 

Example 5 

[0058] In this example, the hydrophilic polymer layer 
7 and the enzyme layer 8 were formed over the elec- 
trode system disposed on the electrically Insulating 
base plate 1 as shown in FIG. 2 In the same manner as 
in Example 1 . 

[0059] Then, the anionic filter 9 was formed in the 
same manner as in Example 4, except for the use of a 
cellulose fiber sheet in place of the glass fiber sheet. 
[0060] Finally, a glucose sensor of this example was 
produced In the same manner as In Example 1 , and the 
sensor responses to the glucose aqueous solution and 
the blood sample solution were measured. The meas- 
urement results showed that the current value In re- 
sponse to the blood sample solution was atK3ut 95% of 
that In response to the glucose aqueous solution. 
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Example 6 

[0061] In this example, the hydrophllic polymer layer 
7 and the enzyme layer 8 were formed over the elec- 
trode system disposed on the electrically Insulating 
base plate 1 as shown in FIG. 2 in the same manner as 
in Example 1 . 

[0062] Then, a filter was formed in the same manner . 
as in Example 4 by adhering with pressure a cellulose 
fiber sheet to the reaction layer. Subsequently, a 1% 
aqueous solution of polyacrylic acid was formulated and 
an aliquot of 10 ^l of the solution was dropped on the 
filter and dried at 50 *C for 1 0 minutes, which gave the 
anionic filter 9. 

[0063] Finally, a glucose sensor of this example was 
produced in the same manner as in Example 1 , and the 
sensor responses to the glucose aqueous solution and 
the blood sample solution were measured. The meas- 
urement results showed that the current value in re- 
sponse to the blood sample solution was about 97% of 
that In response to the glucose aqueous solution. 

Example 7 

[0064] in this example, the hydrophllic polymer layer 
7 and the enzyme layer 8 were formed over the elec- 
trode system disposed on the electrically insulating 
base plate 1 as shown in FIG. 2 In the same manner as 
in Example 1. 

[0065] Then, an aliquot of 5 jil of the mixture ethanol 
solution B, which was prepared in Example 3, was 
dropped on a glass plate and dried for 10 minutes at 
room temperature to form the anionic filter 9 composed 
of a mixture of a film-fomiing polymer and an anionic 
polymer. Subsequently, the filter thus formed was 
peeled off from the glass plate, then cut to a size which 
is large enough to cover the entire surface of the enzyme 
layer 8, and adhered with pressure to the enzyme layer 
8. 

[0066] Finally, a glucose sensor of this example was 
produced In the same manner as in Example 1 , and the 
sensor responses to the glucose aqueous solution and 
the blood sample solution were measured. The meas- 
urement results showed that the current value in re- 
sponse to the blood sample solution was about 95% of 
that in response to the glucose aqueous solution. 

Example 8 

[0067] In this example, the hydrophllic polymer layer 
7 and the enzyme layer 8 were formed over the elec- 
trode system disposed on the electrically Insulating 
base plate 1 as shown In FIG. 2 In the same manner as 
in Example 1 . 

[0068] Then, a glass fiber filter was immersed in a 2% 
ethanol solution of pert luorosulfonate ionomer, and then 
dried at room temperature for 10 minutes, followed by 
further drying at 50 *'C for another 5 minutes in a hot 



drier. In this way, the glass fiber filter was imparted with 
the anionic property and an anionic filter was obtained. 
Subsequently, the anionic filter thus fomied was cut to 
a size which is large enough to cover the entire surface 
s of the reaction layer, and adhered with pressure to the 
reaction layer. 

[0069] Finally, a glucose sensor of this example was 
produced In the same manner as In Example 1 , and the 
sensor responses to the glucose aqueous solution and 
10 the blood sample solution were measured. The meas- 
urement results showed that the current value In re- 
sponse to the blood sample solution was about 95% of 
that in response to the glucose aqueous solution. 

'5 Comparative Example 1 

[0070] For comparison, the hydrophilic polymer layer 
7 and the enzyme layer 8 were formed over the elec- 
trode system disposed on the electrically insulating 
20 base plate 1 as shown in FIG. 2 In the same manner as 
in Example 1 , except for omission of the anionic filter 9. 
[0071 ] Then, a glucose sensor of this comparative ex- 
ample was produced in the same manner as In Example 
1 , and the sensor responses to the glucose aqueous so- 
2S lutlon and the blood sample solution were measured. 
The measurement results showed that the current value 
in response to the blood sample solution was about 70 
to 80% of that in response to the glucose aqueous so- 
lution. 

30 

Comparative Example 2 

[0072] For comparison, the hydrophllic polymer layer 
7 and the enzyme layer 8 were formed over the elec- 
ts trode system disposed on the electrically insulating 
base plate 1 as shown in FIG. 2 In the same manner as 
in Example 1 . 

[0073] Then, an aliquot of 5 ^il of a 2 wt% ethanol so- 
lution of ethyl cellulose was dropped on the enzyme lay- 
^ er 8 and dried for 10 minutes at room temperature to 
form the filter 9a. The filter 9a comprising a film-forming 
polymer was not imparted with the anionic property. 
[0074] Finally, a glucose sensor of this comparative 
example was produced in the same manner as In Ex- 
^ ample 1 , and the sensor responses to the glucose aque- 
ous solution and the blood sample solution were meas- 
ured. The measurement results showed that the current 
value in response to the blood sample solution was 
about 83% of that in response to the glucose aqueous 
50 solution. 



Comparative Example 3 

[0075] For comparison, the hydrophllic polymer layer 
ss 7 and the enzyme layer 8 were formed over the elec- 
trode system disposed on the electrically Insulating 
base plate 1 as shown in FIG. 2 in the same manner as 
in Example 1 . 
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[0076] Then, an aliquot of 5 ^1 of a 0.1 wt% ethanol 
solution of perfluorosulfonate ionomer was dropped on 
the enzyme layer 8 and dried for 10 minutes at room 
temperature. In this way. an anionic polymer was ad- 
hered to the enzyme layer 8. s 
[0077] Finally, a glucose sensor of this comparative 
example was produced in the same manner as in Ex- 
ample 1 , and the sensor responses to the glucose aque- 
ous solution and the blood sample solution were meas- 
ured. The measurement results showed that the current io 
value in response to the blood sample solution was 
about 73% of that in response to the glucose aqueous 
solution. 

Comparative Example 4 is 

[0078] For comparison, the hydrophilic polymer layer 
7 and the enzyme layer 8 were formed over the elec- 
trode system disposed pn the electrically insulating 
base plate 1 as shown in FIG. 2 in the same manner as 20 
in Example 1 . 

[0079] Then, a glass fiber sheet was adhered to the 
reaction layer with pressure in the same manner as in 
Example 4 to form the filter 9a on the reaction layer. The 
filter 9a was not imparted with the anionic property. zs 
[0080] Finally, a glucose sensor of this comparative 
example was produced in the same manner as in Ex- 
ample 1 , and the sensor responses to the glucose aque- 
ous solution and the blood sample solution were meas- 
ured. The measurement results showed that the cun'ent 30 
value in response to the blood sample solution was 
about 80% of that in response to the glucose aqueous 
solution. 

[0081] Although the present invention has been de- 
scribed in terms of the presently preferred embodi- 35 
ments, it is to be understood that such disclosure is not 
to be interpreted as limiting. Various alterations and 
modifications will no doubt become apparent to those 
skilled in the art to which the present invention pertains, 
after having read the above disclosure. 40 



Claims 



A biosensor comprising an electrically insulating 
base plate, an electrode system havirig a working 
electrode and a counter electrode formed over said 
base plate, a reaction layer containing at least an 
enzyme and an electron acceptor disposed on said 
electrode system, and an anionic filter formed over 
said reaction layer for inhibiting dispersion of the 
electron acceptor and inhibiting permeation of solid 
components. 

The biosensor in accordance with claim 1 , wherein 
said anionic filter is composed of a porous film made 
of a film-fonning polymer or a fiber sheet, and an 
anionic polymer supported on sakj porous film or 
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fiber sheet. 

I. The biosensor in accordance with claim 1 , wherein 
said anionic filter is a porous film made of a mixture 
of a film-forming polymer and an anionic polymer. 

. The biosensor in accordance with claim 2 or 3, 
wherein said film-forming polymer is at least one se- 
lected from the group consisting of ethyl cellulose, 
methyl cellulose, hydroxypropyl cellulose, cellulose 
acetate, nitrocellulose, polyvinyl pyrrolidone, 
polysulfon, polyvinylidene fluoride, polyamide and 
polylmide, and said anions polymer is at least one 
selected from the group consisting of polymers hav- 
ing at the side chain thereof at least one functional 
group selected from the group consisting of a sul- 
fonyl group, a sulfonate group and a carboxyl group. 

A method of manufacturing a biosensor as defined 
in any of claims 1 to 4, comprising the steps of: 

dropping a solution containing a hydrophilic 
polymer on an electrode system disposed on 
an electrteaily insulating base plate and drying 
said solution to form a hydrophilic polymer layer 
on said electrode system, 
dropping a solution containing at least one en- 
zyme on said hydrophilic polymer layer and dry- 
ing the solution to form a reaction layer on said 
hydrophilic polymer layer, and 
fomning an anbnic filter for covering said reac- 
tion layer. 

The method of manufacturing a biosensor in ac- 
cordance with claim 5. wherein the step of fonming 
said antonic filter comprises the steps of: 

disposing a medium dissolved or dispersed 
therein with a film-forming polymer on said re- 
action layer and drying the medium to forni a 
filter, and 

impregnating said filter with a medium dis- 
solved or dispersed therein with an anionic pol- 
ymer and drying the filter to form an anionic fil- 
ter Imparted with an anionk: property. 

TTie method of manufacturing a biosensor in ac- 
cordance with claim 6, wherein said medium for dis- 
solving or dispersing said anionic polymer is one 
that would not dissolve said film-forming polymer. 

The method of manufacturing a biosensor in ac- 
cordance with claim 5, wherein the step of forming 
said anionic filter comprises the step of disposing a 
mixture dissolved or dispersed therein with a film- 
forming polymer and an anionic polymer on said re- 
action layer and drying the mixture to form an ani- 
onic filter. 
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9. The method of manufacturing a biosensor in ac- 
cordance with claim 5. wherein the step of forming 
said anionic filter comprises the steps of: 

adhering with pressure a fiber sheet onto said s 
reaction layer to form a filter, and 
impregnating said filter with a medium dis- 
solved or dispersed therein with an anionic pol- 
ymer and drying the filter to obtain an anionic 
filter Imparted with an anionic property. io 

10. The method of manufacturing a biosensor in ac- 
cordance with claim 5, wherein the step of forming 
said anionic fitter comprises the step of adhering . 
with pressure a pre-fabricated anionic filter onto is 
said reaction layer. 



Patentanspruche 

20 

1. Biosensor, umfassend eine elektrlsch Isolierende 
Basisplatte, ein Elektrodensystem mit einer Ar- 
beitselektrode und einer Gegenelektrode, ausgebll- 
det uber dieser Basisplatte, eine Reaktionsschicht, 
enthaltend wenigstens ein Enzym und einen EIek- 2S 
tronenakzeptor auf dem Elektrodensystem, und ei- 
nen anionlschen Filter, ausgebitdet Qberder Reak- 
tionsschicht zum Hemmen der Dispersion des Elek- 
tronenakzeptors und zum Hemmen der Permeation 
fester Komponenten. 3o 

2. Biosensor nach Anspruch 1 , worin der anionische 
Filter zusammengesetzt ist aus einem porosen Film 
aus einem filmbiidenden Polymer Oder einer Faser- 
folie, und einem anionlschen Polymer, gestOtzt auf 3s 
dem porosen Film oder der Faserfolle. 

3. Biosensor nach Anspruch 1 , worin der anionische 
Filter ein poroser Film ist, hergestellt aus einer Mi- 
schung aus einem filmbiidenden Polymer und ei- 40 
nem anionlschen Polymer. 

4. Biosensor nach Anspruch 2 Oder 3, worin das film- 
bildende Polymer wenigstens eines ist, ausgewahit 
aus der Gruppe, bestehend aus Ethylcellulose, Me- 4S 
thylcellulose, Hydroxypropylcellulose, Cellulosea- 
cetat. Nitrocellulose, Polyvinylpyrrolidon, Polysul- 
fon, Polyvinylidenfluorld, Polyamid und Polyimid. 
und das anionische Poiymer wenigstens eines ist, 
ausgewahit aus der Gruppe, bestehend aus Poly- so 
meren, welche an deren Seitenkette wenigstens ei- 
ne funktlonelle Gruppe aufweisen, ausgewShit aus 
der Gruppe, bestehend aus einer Sulfonylgruppe, 
einer Sulfonatgruppe und einer Carboxylgruppe. 

5. Verfahren zur Herstellung eines In einem der An- 
spruche 1 bis 4 definlerten Biosensors, umfassend 
die Schrltte: 



Auftropfen einer ein hydrophiles Polymer ent- 
haltenden Losung auf ein Elektrodensystem, 
wetehes auf einer elektrlsch Isolierenden Ba- 
sisplatte angeordnet ist, und Trocknen der Lo- 
sung zur Ausblldung einer hydrophilen Poly- 
merschicht auf dem Elektrodensystem, Auf- 
tropfen einer wenigstens ein Enzym enthalten- 
den Losung auf die hydrophile Polymerschicht 
und Trocknen der Losen zur Ausbildung einer 
Reaktionsschicht auf der hydrophilen Polymer- 
schicht, und 

Ausbilden eines anionlschen Filters zur Bedek- 
kung der Reakttonsschlcht 

6. Verfahren zur Herstellung eines Biosensors nach 
Anspruch 5, worin der Schritt zur Ausbildung des 
anionlschen Filters die Schritte umfasst: 

Ausbilden eines Mediums mit einem darin ge- 
losten Oder dlspergierten filmbiidenden Poly- 
mer auf der Reaktransschicht und 
Trocknen des Mediums zur Ausbildung eines 
Filters, und 

Impragnleren des Filters mit einem Medium, 
mit einem darin getdsten oder dlspergierten an- 
ionlschen Polymer, und Trocknen des Filters 
zur Ausbildung eines anionlschen Filters, dem 
eine anionische Eigenschaft veriiehen wurde. 

7. Verfahren zur Herstellung eines Biosensors nach 
Anspruch 6, worin das Medium zum Auflosen oder 
Dispergieren des anionlschen Polymers eines ist, 
welches nicht das filmbikJende Polymer auflosen 
wird. 

8. Verfahren zur Herstellung eines Biosensors nach 
Anspruch 5, worin der Schritt zum Ausbilden des 
anionlschen Filters den Schritt des Verteilens einer 
Mischung mit einem darin geldsten oder dlspergier- 
ten filmbiidenden Polymer und einem antonlschen 
Polymer auf der Reaktionsschicht umfasst, und 
Trocknen der Mischung zur Ausblldung eines anio- 
nlschen Filters. 

9. Verfahren zur Herstellung eines Biosensors nach 
Anspruch 5. worin der Schritt zur Ausbildung des 
anionlschen Filters die Schritte umfasst: 

Anheften einer Faserfolle unter Druck auf der 
Reaktlonsschtoht zur Ausblldung eines Filters, 
und 

Impragnleren des Filters mit einem Medium mit 
einem darin gelosten oder dispergierten anio- 
nlschen Polymer und Trocknen des Filters, urn 
eInen antonlschen Filter zu erhalten, welchem 
eine anionische Eigenschaft veriiehen wurde. 

10. Verfahren zur Herstellung eines Biosensors nach 
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Anspruch 5, worin der Schritt zur Ausbildung des 
anionischen Rfters den Schritt des Anheftens unter 
Druck eines zuvor hergestellten anionischen Filters 
auf die Real<tionsschicht umfasst. 



Revendications 

1. Biocapteur comprenant une embase 6lectrique- 
ment isolante, un systdme d'6lectrodes comportant 
une electrode de mesure et une Electrode de comp- 
tage form^ sur ladite embase, une couche de reac- 
tion contenant au moins une enzyme et un elec- 
troaccepteur dispos6e sur (edit syst^me d'6lectro- 
des et un filtre anionique form§ sur ladite couche de 
reaction destine a inhiber la dispersion de l'6lec- 
troaccepteur et k Inhiber la permeation des compo- 
sants sondes. 

2. Biocapteur selon la revendication 1 , dans lequel le- so 
dit filtre anionique se compose d'une pelllcuie po- 
reuse constitute d'un polym^re f ilmogdne ou d'une 
feuille de fibres et d'un polym^re anionique suppor- 
ts par ladite pellicule poreuse ou feuille de fibres. 



3. Biocapteur selon la revendication 1 ; dans lequel le- 
dit filtre anionique est une pellicule poreuse consti- 
tute d'un melange d'un polymtre filmogtne et d'un 
poiymere anionique. 

4. Biocapteur selon la revendication 2 ou 3, dans le- 
quel ledit polymtre filmogtne est au moins I'un des 
polymtres choisis parmi le groupe compost 
d'tthylcellulose, de methylcellulose, d'hydroxypro- 
pyl cellulose, d'acttate de cellulose, de nitrocellu- 
lose, de polyvinylpyrrolidone, de polysulfone, de 
fluorure de polyvinylidtne, de polyamide et polyimi- 
de et ledit polymtre anionique est au moins I'un des 
polymferes choisis pamril le groupe compost des 
polymeres ayant sur sa chame lattrale au moins un 
groupement fonctionnel choisi pamni le groupe 
compost d'un groupe sulfonyle, d'un groupe sulfo- 
nate et d'un groupe carboxyle. 

5. Proctdt de fabrication d'un biocapteur selon Tune 
quelconque des revendications 1 k 4, comprenant 
les ttapes consistent k : 

verser une solution contenant un polymtre hy- 
drophile sur un systtme d'tlectrodes dispose 
sur une embase tiectriquement isolante et k 
stcher ladite solution pour former une couche 
de polymtre hydrophile sur ledit systtme 
d'tlectrodes, 

verser une solution contenant au moins une en- 
zyme sur ladite couche de polymtre hydrophile 
et k stcher la solution pour former une couche 
de rtaction sur ladite couche de polymtre hy- 
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drophile, et 

former un filtre anionique destint k couvrir la- 
dite couche de rtaction. 

Proctdt de fabrication d'un biocapteur selon la re- 
vendication 5. dans lequel I'ttape de fomriatlon dudit 
filtre anionique comprend les etapes consistant k : 

disposer un milieu dissous ou disperst dans 
celul-ci avec un polymtre fllmogtne sur la cou- 
che de rtaction et stcher le milieu pour former 
un filtre, et 

imprtgner ledit filtre avec un milieu dissous ou 
disperst dans celui-ci avec un polymtre anio- 
nique et stcher le filtre pour former un filtre 
anionique dott d'une proprittt anionique. 

Proctdt de fabrication d'un biocapteur selon la re- 
vendication 6. dans lequel ledit milieu destint k dis- 
soudre ou disperser ledit poiymere anionique est un 
milieu qui ne dissoudrait pas ledit polymtre fllmo- 
gtne. 

8. Proctdt de fabrication d'un biocapteur selon la re- 
vendication 5. dans lequel I'ttape de fonnatlon dudit 
filtre anionique comprend I'ttape de disposition 
d'un mtlange dissous ou disperst dans celui-ci 
avec un polymtre fllmogtne et un polymtre anio- 
nique sur ladite couche de rtaction et de stchage 
du mtlange pour former un filtre anionique. 

9. Proctdt de fabrication d'un biocapteur selon la re- 
vendication 5, dans lequel I'ttape de fomiation dudit 
filtre anionique comprend les ttapes consistant k : 

coller par pression une feuille de fibres sur la- 
dite couche de rtaction pour former un filtre, et 
imprtgner ledit filtre avec un milieu dissous ou 
disperst dans celui-ci avec un polymtre anio- 
nique et stcher le filtre pour obtenlr un filtre 
anionique dott d'une proprittt anionique. 

10. Proctdt de fabrication d'un biocapteur selon la re- 
vendication 5, dans lequel I'ttape de fonnation dudit 
filtre anionique comprend I'ttape consistant k collar 
par presston un filtre anionique prtfabriqut sur la- 
dite couche de rtaction. 
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